Introduction
The fact that life expectancy is positively associated with socioeconomic status is well-documented in many countries (e.g. Fawcett, Blakely, and Kunst, 2005; Kunst, Leon, Groenhof, and Mackenbach, 1998; Naess, Leyland, Smith, and Claussen, 2005; Lleras-Muney, 2005) . Individuals with higher earnings and more education can expect to live longer than less advantaged groups. In Sweden, for example, employed men in the lowest income quintile group have more than twice the mortality risk of men in the highest income group (Torssander and Erikson, 2010) . Most analyses of the link between socioeconomic status and mortality however refer to a single point in time, or to short time spans. While inequality in mortality is cause for concern per se, the aim of this paper is to document how differences in life expectancy across income groups have changed over time in Sweden.
During the last decades, there have been large changes in income distributions in many parts of the world. Especially inequality of income has increased substantially (OECD, 2011) . Remarkably, in the historically egalitarian Sweden, the increase in inequality has been more rapid than in any other OECD country. Against this background, we ask if also mortality differences by income have widened during this period. Although there is much research examining the income-mortality relationship and its causes, only one previous paper studies changes in this association in Sweden. Using survey data, Wamala, Blakely, and Atkinson (2006) show decreasing absolute inequalities in mortality among Swedish men -but increasing inequalities among women -across household income levels during the 1980s and 1990s.
In this paper, we provide estimates of life expectancy across the income distribution for a longer study period -1970 to 2007 -using administrative register data covering a large part of the Swedish population. We focus on a typical health measure, life expectancy at age 35, and present estimates for each quintile group of income for both individual income (men only) and family income (both men and women). Our results show, in part, a different picture of the development than that in Wamala, Blakely, and Atkinson (2006) . In the longer time span of our paper, we document increasing disparities in life expectancy for both men and women, but a greater increase for men. Male life expectancy in the lowest fifth of individual income had in 2007 only started to reach the life expectancy that the average man in the population had 30 years ago. In addition, even though female life expectancy inequalities are smaller, women in the lowest fifth of family income are the only group whose life expectancy was stagnant. The conclusion is that although life expectancy increased for most income groups during the period, the signs of increased inequality in life expectancy in the present paper are evidence of a public health equity problem that has largely been overlooked in Sweden.
In the second part of the paper, we document the contribution of seven groups of causes of death to changes in life expectancy by income level. Such causespecific mortality trends by income level have to our knowledge not been studied in Sweden before. In the overall population, there has been a large decline in deaths due to heart diseases, but our results show that the lowest income group has not benefited as much as the highest group from this reduction. The same pattern of a larger positive contribution to life expectancy for high-income groups is also found for several other causes of death, for example lung cancer and respiratory disease mortality.
The remainder of this paper is structured as follows. We review and discuss the related literature in Section 2. In Section 3, we describe our data and discuss some of their shortcomings, and how we have addressed those. The main results are presented and discussed in Section 4. Section 5 offers some concluding comments.
Related literature
Increasing differences in life expectancy between socio-economic groups have recently been observed in a number of high-income countries; for example in the US (Montez and Zajacova, 2013) ; the UK (Marmot and Brunner, 2005) , and in Norway (Steingrimsdottir et al., 2012; Strand et al., 2010) . For Sweden, the difference in mortality risk between educational levels has widened during the last decades (Shkolnikov et al., 2012 ; The National Board of Health and Welfare [Socialstyrelsen], 2013) . Similarly, life expectancy gaps across occupational classes have increased during the 1980s and 1990s (Burström, Johannesson, and Diderichsen, 2005) .
Because of increasing income inequality in Sweden and elsewhere, the trend in life expectancy differences across income groups is particularly interesting. In addition, while increasing mortality inequality by education may be affected by compositional changes due to the expansion of tertiary education since the mid20th century (Erikson and Jonsson, 1996) , the sizes of relative income groups are by definition unchanged. Reports of stagnating or decreasing trends for mortality inequalities across income groups are rare (cf. Wamala, Blakely, and Atkinson, 2006) , but trend figures may vary across income measures. In particular, since female labour force participation has increased considerably during the 20th cen-tury, individual income has become a more important part of women's economic circumstances as well as of the total resources in the household. Widening gaps in mortality have been reported for household disposable income (Tarkiainen, Martikainen, Laaksonen, and Valkonen, 2012) , but increasing inequalities have also been established for poverty measures (Smith, Dorling, Mitchell, and Shaw, 2002) , individual disposable income (Brønnum-Hansen and Baadsgaard, 2007) , and earnings (Waldron, 2007) .
To review a few income-life expectancy studies in more detail, Waldron (2007) estimates trends in life expectancy by earnings for male Social Security-covered workers in the US between 1972 and 2001. She finds that the top half of the average relative earnings distribution experienced much faster improvements in life expectancy than the bottom half did. Similarly, Singh and Siahpush (2006) conclude that the 2.8 years gap in life expectancy between the top and bottom decile deprivation index groups in the U.S. population in 1980-82 had widened to 4.5 years in 2000. In the paper closest to ours, Tarkiainen, Martikainen, Laaksonen, and Valkonen (2012) show that differences in mortality across household disposable income groups have widened dramatically in Finland between 1988 and 2007. The difference in life expectancy at age 35 for women in the bottom fifth of the income distribution compared to the highest fifth amounted to 3.9 years in 1988. In 2007, the difference was 6.8 years. The corresponding figures for Finnish men were 7.4 years in 1988 and 12.5 years in 2007. Hence, during these 20 years, the life expectancy gap had increased with around three years for women and five years for men. As income inequality in Finland and Sweden exhibit quite similar trends (OECD, 2011), we might expect increasing inequality in all-cause mortality inequality in Sweden as well. Even though health inequalities have traditionally been more pronounced in Finland, especially for men (Mackenbach et al., 2008) , the socio-economic forces at play may be largely similar in the two countries.
In previous studies, increasing mortality inequalities are shown to be driven by an increasing gap in cardiovascular disease mortality (Mackenbach et al., 2003) and other smoking-related causes of death such as lung cancer and lower respiratory diseases (Strand et al., 2010) . In Finland, the increase is mainly explained by a growing disparity in alcohol-related deaths, as well as many cancers, between high-and low-income groups (Tarkiainen, Martikainen, Laaksonen, and Valkonen, 2012) . For Sweden, there is to our knowledge no previous research on cause-specific mortality trends by income level.
Data and methods
The data we use are assembled from several administrative registers, put together by Statistics Sweden by means of unique personal identity numbers. The study population emanates from a 35 percent random sample of cohorts born in 1932-1967, present (Eurostat, 1998) when applicable. In the cause-specific analyses, we distinguish between seven major groups of causes of death as well as a remaining category: (1) Circulatory diseases (I00-99); (2) Lung cancer (including malignant neoplasms of larynx/trachea/bronchus, C34-34); (3) Other cancers (C00-D48, except C32-34); (4) Respiratory diseases (J00-J99); (5) Major alcohol-related causes (F10, K70, X45); (6) Suicide and intentional self-harm (X60-84); (7) Other external causes (including violence and accidents) (V01-Y89, except X60-84 and X45); and (8) All other causes of death.
Individual annual income stems from Statistics Sweden's Income Register, which in turn is based on the Swedish tax assessment procedure. These data are available for the entire population from 1968 and onwards. The income register provides data on total income from all sources, i.e., work, self-employment, capital, real estate, work-related pensions, and, after a tax change in 1973, unemployment insurance and sick pay.
We use two income measures: Individual income (for men only) and family income. The individual income measure corresponds to total market income (Summa förvärvs-och kapitalinkomster), including all the income sources men- 6 tioned above. Life expectancy trends by individual income could not be estimated for women since many of them were not and had not been previously active in the labour market in the beginning of the study period. Instead, we use a measure of family income, available from 1978, for both men and women. Family income is the sum of the individual incomes, defined as above, of a married couple and individual income only for non-married persons. More precisely, we know the spouse's income for those who are married and for cohabiters who have a common child. Cohabiters who do not have common children are treated as unrelated individuals. Ideally, we would like to adjust family income for household economies of scale by using an equivalence scale. Unfortunately, we do not have information on household structure and opt for using the income as described above. In all analyses, both for individual and family measures, those with zero income in three successive years are excluded from the analyses. Note that we are not attempting to capture the relationship between permanent or lifetime income and length of life. It is now well-established that the relationship between lifetime and annual income is a complex one and that the classical measurement error model is grossly inadequate at most stages of the lifecycle and that individual income processes can be very different for men and women (see Haider and Solon, 2006; Böhlmark and Lindquist, 2006; Nybom and Stuhler, 2011) . Our aim is simply to describe the evolution of the cross-sectional bivariate distribution of income and length of life across time. Using data on deaths in each year and incomes of both the deceased and the living in the three preceding years, we measure life expectancy in each quintile group of income.
The analysis is conducted as follows. First, annual income is regressed on fully interacted cohort, year and sex indicators, and the residual from these regressions is kept for each individual in each year. Second, for a given year t, we take the average residual from t to t − 2 (to somewhat reduce its variability from year to year), and assign each person to the quintile group that the average residual belongs to. Third, we measure life expectancy (grouped into five-year age intervals) by sex and income group in year t using that year's population at the end of the year and the deaths during the year t + 1. Lastly, we estimate life expectancy at age 35 from life tables based on the death rates for each income group and for men and women separately. Finally, we aggregate deaths across four years at the beginning and end of the period -1970-1973 and 2000-2003 for individual incomes and 1978-1981 and 2000-2003 for family incomes -and decompose the change in life expectancy by cause of death using the same methods as Tarkiainen, Martikainen, Laaksonen, and Valkonen (2012) , which in turn are based on United Nations Secreteriat (1988).
Results

All-cause mortality
Since the 1970s, life expectancy at age 35 increased for all income groups in Sweden both according to measures of individual income (Figure 1 , estimates available for men only) and family income (Figure 2 ). On average, life expectancy at age 35 increased by 5 years for men and 3 years for women between 1978 and 2007. (See also appendix tables A1 and A2 which show each series.) However, the mortality improvements were generally greater among individuals with high incomes and it is clear that an increase in the inequality of life expectancy has taken place during this period. This is mainly because the increase in life expectancy was more rapid for the highest income group than for individuals with the lowest incomes. Generally, the life expectancy gap for adjacent income groups was largest between the lowest and the second lowest income quintiles, while the 2nd to 5th quintiles (i.e., those with the 80 percent highest incomes) had more similar trends and levels of life expectancy across the period. However, the increase in life expectancy was somewhat slower also for the second lowest income group compared to the highest group, particularly among men.
For women with the lowest family incomes (Figure 2 ), the trend has been particularly unfavourable. In 1978, life expectancy at age 35 for these women was 44.2 years. Almost thirty years later, it had increased by only 0.6 years. Nevertheless, the increase in inequality (both in the absolute and relative sense) between income groups in life expectancy was smaller for women than for men. The gap widened from 6.3 years to 7.1 years for women and from 6.2 years to 9.1 years for men between the lowest and highest family income quintile (between 1978 and 2007, see Figure 2 ), i.e. by about one year for women and about three years for men.
Comparing individual and family income measures for men, the increase in life expectancy differences across income groups were more marked when using the family income measure. According to individual income quintile groups, in 1970 a 35-year-old man in the poorest group could expect to live another 37.5 years while a man in the richest group could expect to live 42.9 more years i.e., a difference of 5.4 years. In 2007, the corresponding life expectancies were 42.1 and 49.2 years, respectively, a difference of 7.1 years. The increase in the difference in expected lifeyears between the two income groups amounted to about 31 percent ((7.1-5.4)/5.4). For family income measures, the corresponding relative increase (but now between the years 1978 and 2007) was 13 percent for women and 47 8 percent for men.
Cause-specific mortality
Next, we analyse how specific causes of death, according to the underlying cause in the national Cause of Death Register, contributed to the change in life expectancy at age 35. Cause-specific information is available to us only up until the year 2003. In Tables 1 (individual income for men) and 2 (family income), we show the contribution of seven major causes of death, as well as a residual category, to the changes in life expectancy between the beginning and the end of the period. For individual income, men in the highest quintile group (the three last columns of Table 1 ) increased their life expectancy with 5.2 years between the beginning of the 1970s (averaging 1970-1973) and the beginning of the 2000s (2000) (2001) (2002) (2003) . This increase was mainly due to a clear decline in deaths due to circulatory diseases (principally ischaemic heart disease), while none of the specific causes of death had any negative impact on life expectancy among the richest fifth. The situation was partly different for men in the poorest fifth (the three first columns of Table 1 ). This group also increased their life expectancy -with 3.0 years -but the increase was in principle only due to a decline in deaths due to circulatory diseases and cancers (except lung cancer).
Thus, both income groups have benefited more from the reduction in deaths due to heart and cerebrovascular diseases than from reductions in any other causes of death. It is, however, evident that -in terms of additional years of life -the lowest income group did not benefit as much as the highest group from the large overall reduction in circulatory diseases. The largest difference originated from deaths occurring at older ages, from 65 years of age and above. In total, differential improvements in circulatory disease mortality stand for half of the increased inequality in life expectancy (51 %). 2 Three other cause groups contributed to at least 10 % of the increased longevity gap across men's individual income groups: Alcohol-related mortality (12 %), lung cancer (11 %), and external causes (e.g., accidents and violence, 11 %). Our finding that high-income groups benefit relatively more from reduced mortality due to heart and cerebrovascular diseases is in line with the results in Mackenbach et al. (2003) , who analyse mortality inequalities in six Western European countries.
Taken together, in all specific causes of death distinguished here except other Table 1 The contribution of causes of death to changes in life expectancy at age 35 years from 1970-1973 to 2000-2003 Source: Authors' calculations from Swedish register data. Note: Estimates are based on deaths aggregated across four years at both the beginning and the end of the series.
Table 2
The Source: Authors' calculations from Swedish register data. Note: Estimates are based on deaths aggregated across four years at both the beginning and the end of the series.
cancers, the positive contribution to life expectancy was larger for the highest income group. On top of that, it was only in the lowest individual income group that some causes of death contributed to a decline in life expectancy. For example, alcohol-related causes decreased life expectancy with 0.3 years for individuals in the lowest income group. Similar findings, but smaller in magnitude, also applied to lung cancer, respiratory disease mortality, and the residual category of all other diseases. For men, the cause-specific result for family income (Table 2 ) partly mirrors the estimates for individual income. For example, the major source to the inequality increase in life expectancy years was different trends in circulatory disease mortality. Lung cancer also showed similar figures for family income, contributing to about one tenth of the increase. However, in contrast to the result when assigning men to their individual income quintile groups, alcohol-related mortality did not contribute to an increase in inequality across family income groups (the impact was actually reversed). Moreover, violence and accidents was a less important contributor to increased mortality inequality when men were categorized according to their family income.
Women in the lowest family income category could not expect to live much longer in the end (2003) than in the beginning of the period (1978); the increase amounted to only 0.06 years. The trend was however more positive in younger ages (<65 years), while negative among poor women above 65 years of age. For high-income women, the mortality decline was prevalent both before and after 65 years of age. Like for men, but to a lesser extent, circulatory disease mortality was one of the causes behind the increasing life expectancy gap. High-income women (according to family income) could expect to live another 2.1 years due to declining mortality from heart and cardiovascular diseases, while the corresponding number of years for women in the lowest income group was 1.7. As a consequence, circulatory diseases accounted for 23 % of the widening female mortality disparities. In addition, respiratory diseases and lung cancer clearly contributed to the increased gap for women. Together they accounted for almost half of the increased gap. Both these causes had a clear negative impact on expected lifeyears among women with low family incomes: Lung cancer with -0.4 years and respiratory disease mortality with -0.3 years. The mortality trend was negative for all groups of women for both middle-and old-age mortality, but consistently more unfavourable for women in the lowest family income group.
Regarding alcohol-related causes of death, suicide, and other external causes, none of these affected the gap in expected life years at age 35 for women. In sum, five cause groups contributed to the increased inequality in female life expectancy between the top and the bottom income quintiles: Circulatory diseases together with the residual category of all other causes (both 23 %), respiratory diseases (30%) cancer except lung cancer (16 %), and lung cancer (13 %). 3 Together, differential trends in these causes amounted to the total increase in the gap in female life expectancy across income groups. To summarize the figures for men, heart diseases contributed most significantly to increasing vital inequalities regardless of the income measure. Lung cancer also had similar impact on the gap for the two income measures, while alcohol-related mortality, accidents and violence (other external causes) only contributed to the increased gap between individual income groups.
Concluding comments
The main finding of this paper is that inequality in life expectancy across the income distribution increased in Sweden from the 1970s and onwards. This rise was driven by a more rapid increase in expected life-years for high-income than for low-income individuals. Thus, although all groups could expect improved longevity during the period, the increase was much more modest for individuals in the poorest income fifth. The increase in life expectancy inequality across income groups was greater for men than for women. In 2007, the life expectancy difference at age 35 between the lowest and the highest family income quintile was 9.1 years for men and 7.1 years for women. Thirty years earlier, the difference was 6.2 (men) and 6.3 (women) years, respectively. In comparison with similar analyses for Finland (Tarkiainen, Martikainen, Laaksonen, and Valkonen, 2012) , the increasing gap in life expectancy was smaller in Sweden. However, Swedish women in the lowest income group experienced a particularly poor trend with stagnating life expectancy during the study period. This is consistent with figures for life expectancy differences between educational groups in Sweden (The National board of health and welfare [Socialstyrelsen] , 2009) which have shown that life expectancy for women with only a basic educational level more or less stagnated after 1990.
We also analyse which major causes of deaths have contributed to the changes in life expectancy differences over time. During the last decades, there has been a large decline in deaths due to heart diseases in the overall population. However, this decline was more rapid among high-income groups. For men in par-ticular, differential progress rates in circulatory diseases were the main cause of increasing vital inequalities. Circulatory disease mortality also accounts for the increasing gap for women, amounting to about a fourth of the rise. For women, however, smoking-related mortality, such as lung cancer and respiratory diseases, contribute more to the increase than circulatory diseases. Taken together, these causes explain more than forty per cent of the increased gap among women. During our study period, smoking has been more prevalent among lower educated individuals than among higher educated individuals, with lower educated women having the least favourable trends (Cavelaars et al., 2000; Giskes et al., 2005) . This may explain the greater impact of lung cancer and respiratory diseases on female life expectancy disparities; still, smoking is also an important risk factor to ischaemic heart diseases and cardiovascular diseases (Kannel, McGee, and Catelli, 2000; Shaper et al., 1985) .
Alcohol-related mortality did not influence the increase in vital inequalities for women. In line with this result, a recent Swedish study on educational disparities in alcohol-related mortality since 1990 shows that the contribution of these causes to overall mortality differentials is unchanged for women (Landberg and Budhiraja, 2013) . For men, our all-cause decomposition yields diverse result for individual and family income measures, which calls for a more thorough analysis of the impact of the family structure on these causes before any further conclusions can be drawn.
Compared to papers that examine mortality differences across educational levels and social classes, basing the analyses on income quintile groups, like we do, simplifies comparisons across time as the income groups, by definition, are equally large. For instance, the distribution of the population across different levels of education has changed considerably. One might be concerned that the least educated group, which has diminished over time, is more select today compared to thirty years ago. Of course, the composition of income groups is also likely to have changed across time. Further research should examine the role of compositional change regarding, e.g., education, family structure, and labour market attachment, all of which are associated with mortality risks.
There are also limitations in the present study that call for caution in interpreting the results. First, our family income measure is crude due to the lack of information on household composition. This is a concern as low (high) income also reflects the likelihood of living alone (cohabiting). The results are therefore likely to reflect the association between family structure and longevity besides the income-mortality relationship. In addition, the family income does not accurately signal household consumption standards since information on the number of in-dividuals in the household is missing. Secondly, the international classification of diseases (ICD) has undergone several changes during the study period, and the different versions are not fully comparable. This is particularly challenging when comparing alcohol-related deaths over time (Office of National Statistics, 2006) . Lastly, for computational reasons, people with zero income during three or more years did not contribute to the life expectancy estimates. The vital inequalities in the total population are therefore likely to be greater than the values in our analyses since the most disadvantaged individuals are excluded.
Given what we know from previous research on the association between income and health (Deaton, 2003; Smith, 1999) , it is unsurprising that income correlates negatively and strongly with health and life expectancy. What stands out in our results, though, is that the gap in life expectancy has increased over time, and that the increase took place during a relatively short time period. The causal story is, however, yet to be uncovered (for Swedish evidence, see Lindahl, 2005) . It is evident that many social and behavioural processes are associated with health and length of life (Elo, 2009) . Public health researchers tend to stress the impact of income on health (Kawachi, Adler, and Dow, 2010) , but it is, however, also clear that a large part of the relationship between income and mortality is caused by ill-health reducing the possibilities of higher incomes (Deaton, 2003) . Reduced sickness benefits, for example, would therefore widen the gap in life expectancy across income groups even if any effect of income on health remained constant.
During the period we study, income inequality in Sweden increased substantially. Our results make clear that this increase in inequality coincided with an increase in differences in life expectancy between high-and low-income earners. We can not tell what caused either development. However, the increased disparities in mortality constitute a serious public-health and social-policy concern. 
